In this study, leaching and activated carbon adsorption of gold from Lape-Sumbawa rocks (Indonesia) by hypochlorite-chloride solution have been investigated. The application of hypochlorite-chloride solution may offer an alternative on replacing cyanide for gold extraction. XRD and XRF analysis indicated that the Lape-Sumbawa rock is carbonate sediment. Several variables for gold leaching such as the concentration of HCl and NaOCl as well as solid-liquid ratio have been optimized. The optimum conditions for gold leaching were 1:12 mL of HCl 37% solution (v/v), 1:12 of NaOCl 12% solution (v/v), and 1:20 of solid-liquid ratio (w/v). The gold extraction yield was about 89%. Gold recovery by activated carbon adsorption was about 49.852%.
Introduction
Gold leaching from ores by hydrometallurgy method has been developed using several reagents. One of the most commercial reagents used for the gold extraction from the ore is cyanide solution 1, 2, 3 . The cyanidation method has high sensitivity, low operational costs and capable to extract gold up to 98%. However, this process has some disadvantage such as high toxicity of cyanide and environmental pollutions 4, 5 . One of the reagents developed since the 20 th century is a combination of a hypochlorite and chloride solution 6, 7, 8 . Hypochlorite-chloride solution is expected to be an alternative reagent in the gold extraction to replace the cyanide solution. The effectiveness of gold extraction by hypochlorite-chloride solution was influenced by ratio of NaOCl:Cl -, pH, solid:liquid ratio and reaction time. Sodium hypochlorite (NaOCl) has kinetics reaction two times faster than Ca(OCl) 2 6 . Increasing the concentration of Cl -for gold leaching will increase the percentage of extraction 8 . The concentration of hydrochloric acid (HCl) in the solution will influence the pH of solution. At the pH < 3.5, the chlorine gas was formed. HClO was formed at pH of 3.5 to 7.5 while ClO -ions was formed at pH> 7.5. The gold extracted was increased as the pH was lowered at certain value 6, 7, 8 . Gold is oxidized by HClO to form [AuCl 4 ] -complexes in the chloride solution. The extraction of gold depends on the reaction time 7 .
_____________________
Recovery of gold from leachates was carried out by activated carbon adsorption method. Adsorption process that commercially used is carbon-in-leach (CIL). This process is more economical and efficient to adsorb gold 9 . The effectiveness of activated carbon used for adsorption of gold is indicated by adsorption capacity 10, 11 . This paper reports the leaching and adsorption of gold from Lape-Sumbawa rocks of Indonesia using combination of sodium hypochlorite and sodium chloride solution and activated carbon adsorption.
Experimentals

Materials
The rock in Figure 1 was provided from Lape-Sumbawa, Indonesia. NaCl 99%, HCl 37% and HNO 3 65% were purchased from Merck while activated carbon and NaOCl 12% were purchased from Brataco. Filter paper and pH meter (Oaklon 510) were used in this experiment. The ores was crushed and sieved to 40-80 mesh for metal content and the mineral composition analysis by XRF (Philips) and XRD (Pan Analytical: E'xpert). The dry and constant weight ores was prepared by heating at 105 °C to remove its water content prior to chemical analysis.
5% HNO 3 pre-treatment and the gold content analysis.
About 60 grams of ores were weighed and put into a conical flask of 2 L, then 300 mL of 5% HNO 3 was added. The solution was stirred by magnetic stirrer at 400 rpm for six hours at room temperature. Then, the solution was filtered, and residue was dried at 105 °C for 2 hours and subsequently weighed. The mass lost was calculated by the following equation, where m l is the losing mass (%), m o is the initial mass and m f is the final mass.
Total gold content was analyzed by means of Atomic Absorption Spectrometer (AAS: Shimadzu AA 6200). Three grams of the ores that previously treated with 5% HNO 3 was dissolved in 28 mL of aqua regia (mixture of 21 mL of 37% HCl and 7 mL of 5% HNO 3 ). The solution was allowed to stand for 16 hours at room temperature, and then, heated at 130 °C for 2 hours under reflux conditions. The solution was diluted with 0.5 M HNO 3 until 100 mL, and subsequently analyzed by AAS instrument (ISO 11466) to determine the total gold content 12 .
Gold Leaching
Gold leaching of the ores was carried out using hypochlorite-chloride solution. Several factors were optimized in this experiment, including the influence of HCl and NaOCl concentration, and solid-liquid (w/v) ratio, whereas NaCl used is 10 g for all of leaching test. The leach solution was stirred at 400 rpm for 5 hours at room temperature. The solution obtained was separated with filtration and the filtrate was analyzed using AAS to determine the extracted gold content.
Adsorption
Activated carbon preparation
Activated carbon was washed by aquadimineralized in a shaker for 30 minutes then filtered and dried at 105 °C for 3 hours. The activated carbon was reactivated in100 mL of 5% HCl for 5 hours at room temperature. The activated carbon then washed with aqua aquadimineralized until the pH of the solution was 7. The activated carbon just obtained was dried at 105 °C for 3 hours. About 20 grams of activated carbon was put into the closed bottle that placed in the desiccator. 
Adsorption of gold using activated carbon
Activated carbon was weighed about 0.5; 1; 2; and 3 grams, and each of them was put into the conical flask containing 50 mL of leachate of gold solution. This mixture was agitated by shaker at 160 rpm for 2 hours 13 . Then, the mixture was filtered through filter paper. The filtrate was analyzed by means of AAS to determine the gold content that was adsorbed by activated carbon. The adsorbed gold was calculated as follows:
Co is initial concentration Ce is concentration after adsortion process
Result and discussion
Characterization of rocks
Gold metal can be deposited in carbonate sidements by alteration procces 13 . An XRD analysis of rock materials was conducted to reliaze its crystal structure, as shown in Figure 1 . Based on the XRD analysis, it was obtained that the 5 highest peak intensity were appear at 2θ: 29.55; 39.50; 43.26; 48.62 and 49.29 which indicates that the mineral is calcite (CaCO 3 ). Table 1 shows the elemental composition of rock materials using an X-Ray Fluorescence (XRF) method. The analysis result showed that calcium (Ca) and iron (Fe) as principal components of rocks were of 90.8% and 7.01%, respectively, whereas gold was 0.072%. Figure 2 shows the XRD pattern of the rock material. 
Gold leaching using hypochlorite-chloride in various HCl concentration
Dissolution of gold mineral using 5% HNO 3 increase the gold concentration of about 7% with the mass reduction of about 25.09%. Dissolution of gold using hypochlorite-chloride solution follows reaction (1).
The influence of HCl concentration is presented in Figure 2 . Dissolution of gold increases as HCl concentration increase. The best performace for gold extraction was obtained at 1 M of HCl. In the absence HCl, The gold extracted was relatively low, this is because the initial pH of the leach solution was at 13.5. At alkaline condition, the reactivy of OCl -is low 6, 7 . Hypocholous acid (HOCl) is a strong oxidant that formed at pH 3.5 to 7.5 14 . While in 1.4 M of HCl does not produce significant effects on the gold extraction. The gold extracted was at about 39.86%. Fig. 2 . The effects of volume of HCl 37% on gold leaching, solid liquid (w/v) rasio (1/6), 20 mL Of NaOCl 12%, 10 g of NaCl and room temperature conditions for 5 hours.
Effect of volume of NaOCl
The effect of NaOCl concentration on gold leaching is presented in Figure 3 . The gold in the mineral is oxidized by hypochlorite ion, so that the concentration of OCl -is very important. The gold extracted of about 34.85% is obtained at 0.16 M NaOCl. In general, the concentration of NaOCl applied in this research did not has significant effect to gold extraction. It is problably, because of increasing solution pH as NaOCl concentration increased. This result is in accordance to Puvvada and Murthy research 8 . The effects of volume of NaOCl 12% on gold leaching, solid liquid (w/v) rasio (1/6), 5 mL of HCl 37%, 10 g of NaCl and at room temperature for 5 hours.
Effect of solid-liquid ratio
Optimation of solid-liquid ratio was carried out to obtain the maximum mass of rock at certain volume of leaching solution. Figure 4 shows the effects of solid-liquid (w/v) ratio (1/20; 1/10; 1/6) on gold obtained. A 89.13% of gold was obtained at solid-liquid ratio of 1/20. It was shown that the increase of liquid-solid ratio, the decrease of gold extraction percent. This may be related to the performance of HClO as an oxidizing agent for dissolution of gold, because of the content of carbonate compounds in the rock that will affect the consumption of HCl. Accordingly, it appears that the concentration of HCl will influence the formation of HClO through the reaction as follows (Hasab et In this study, the initial gold concentration for adsorption process was 3.47 mg/L. Figure 5 shows the percent adsorption of gold from leached gold solution using the different mass of activated carbon at particle size of 1-3 mm are 0.5 g, 1 g, 2 g and 3 g. It appears that the concentration of gold adsorbed was increased as the mass of activated carbon was increased. However, there was no significant effect on the adsorption percentage between the use of 2 g of activated carbon and that of 3 g. This is may be due to the avaibility of active site of activated carbon 11 .
Conclusion
The leaching of gold from rocks from Lape-Sumbawa using different composition of hypochlorite-chloride have been optimized. The optimum conditions for gold extraction using hypochlorite-chloride was obtained at 5 mL of NaOCl 12%, 5 mL of HCl 37%, and solid-liquid (w/v) ratio (1/20). The gold recovery of about 89 % was obtained. The gold adsorption recovery at 2 g of activated carbon was about 49.852%. 
